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@ Hot melt pressure sensitive adhesive*. 



@ A pressure sensitive adhesive composition which can be applied by hot melt techniques to one 
surface and adhered to a second surface by contact at ambient temperature, to thereby bond the two 
surfaces together. The adhesive composition is made of certain ethyiene/n-butyl acrylate copolymers 
together with plastitizer and optionally, tackifier. 
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BACKGROUND OF THE INVENTION 
Field of Invention 

6 This invention relates to pressure sensitive adhesives, which can be applied to a substrate as a melt, and 
more particularly to such adhesives based on copolymers of ethylene and n-butyi acrylate and optionally acryi ic 
acid or methacrylic acid and ionomers of such acid copolymers. 

Description of Related Art 

10 

Hot melt pressure sensitive adhesives (HMPSA) are one of the most widely used types of adhesives used 
today. They are typically coated as a melt onto a substrate, and the resulting adhesive coating operates as a 
pressure sensitive adhesive at ambient temperature. Substrates may be paper, metal, foil, plastics etc., and 
when coated with HMPSA may be useful as tapes, labels, floor covering, bookbinding and hot melt sealants. 

15 HM PSA may also be used for adhesion of metals, plastics, wood or other materials. 

Block copolymers of styrene-fsoprene have been used in HMPSA, but these adhesives exhibit deficient 
thermal, oxidative, and UV stability and oil resistance arising from the properties of the block copolymers. 

Ethylene vinyl acetate (EVA) copolymers have been used as hot melt adhesives (HMA). These copolymers 
have had little commercial acceptance in HMPSA adhesive composition however, for several reasons. First, 

20 the EVA tends to bleed into and through permeable substrates, particularly at slightly elevated temperatures. 
Second, the EVA has known shortcomings with respect to thermal stability. U.S. Pat 4,338,227 to Ballard dis- 
closes the use of compositions based on crosslinked EVA copolymers as HM PSA to avoid the bleeding problem 
and to reduce the adhesive cold flow at 50-60°C. Even so, crosslinked EVA based HMPSA compositions have 
not been commercially successful to date. Thus, the most popular copolymer used in HMA has not found utility 

25 in HMPSA. 

The use of ethyiene/n-butyl acrylate copolymers having a melt index of at least 50 in HMA compositions 
is disclosed in U.S. Pats 4,816,306 and 4,874,804 to Brady et al. These patents disclose the use of tackifiere 
and a high melting synthetic wax in the HMA. There Is no disclosure in these patents of the compositions being 
useful as HMPSA and indeed, the presence of the wax would prevent such use. 

30 U.S. Pat 3,849,353 discloses hot melt compositions useful as HMPSA which contain the combination of 
(a) copolymers of ethylene and vinyl acetate and/or alkyl acrylate; (b) atactic polypropylene; and (c) vulcanized 
rubber. Of the alkyl acrylate copolymers possible, ethylene/butyl acrylate bone of the preferred. Components 
(a) and (c) are disclosed to provide cohesive properties to the adhesive and component (b) is disclosed to pro- 
vide compatibility with tackifiers. Component (b) by itself is somewhat tacky at ambient temperature. Compo- 

35 nent (a) is present in amounts up to 50% based on the weight of (a), (b), and (c) and components (b) and (c) 
make up the remainder of the composition. Tackifier may be added to the composition in an amount up to 50% 
of the weight of the composition. 

There is a commercial need for a HMPSA having good thermal, oxidative and UV stability which does not 
bleed or lose its adhesive performance at somewhat elevated temperatures. 

40 

SUMMARY OF THE INVENTION 

The present invention satisfies this need by providing a hot melt pressure sensitive adhesive composition 
consisting essentially of (a) about 25 to 50% by wt of copolymer having a melt index of about 5 to 40 g/1 0 mln. 
45 of (i) about 60 to 70% by wt. of ethylene, (ii) about 30 to 40% by wt of n-butyl acrylate, and (Oi) 0 to about 5% 
by wt. of (meth)acrylicacid, based on the weight of the copolymer, with the acid being 0 to about 40% neutralized 
by metal ions and (b) tackifier and optionally, plasticizer, in an effective amount from about 50 to 75% by wt 
based on the total weight of the composition whereby said composition is a pressure sensitive adhesive. 

50 DETAILED DESCRIPTION OF THE INVENTION 

The present invention includes the discovery that the simple random copolymer within a certain melt index 
range of ethylene and n-butyl acrylate in certain proportions can be formulated to form an adhesive which can 
be applied to a substrate as a hot melt and when cooled to ambient temperature, provides pressure sensitivity 
55 to provide a strong bond to another substrate insofar as both adhesive strength and cohesive strength of the 
adhesive coating itself are concerned. The copolymer also provides thermal, oxidative, and UV stability and 
oil resistance to the composition. Furthermore, the presence of (meth)acrylicacidasatermonomer can improve 
adhesion at moderately elevated temperatures, and provide additional versatility in some instances where 
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adhesion to polar materials as well as non-polar materials is particularly important The improvement in mod- 
erate temperature adhesion is shown by increasing shear adhesion failure temperature with increasing acid 
content and increasing neutralization of the acid. Preferably adhesive compositions of the present invention 
exhibit a shear adhesion failure temperature (SAFT) of at least 55°C. The copolymer component has the com- 
bination of lowglass transition temperature, and residual crystallinhy to give HMPSA formulations having a good 
combination of tack at ambient temperatures and utility at moderately elevated temperatures. The copolymer 
component is a rubbery material and is essentially tack-free at ambient temperature. 

If the level of n-butyl acryiate is below about 308 by weight, the copolymer is not flexible enough and cannot 
be formulated to give acceptable properties. If the level of n-butyl acryiate is above about 40% by weight, the 
copolymer will be excessively soft and difficult to handle or pelietize and the resultant adhesive composition 
loses useful properties at moderately elevated temperatures. Blends of ethylene/n-butyl acryiate copolymer can 
be used wherein the acryiate content of the individual copolymers is greater and/or less than the desired 30-40 
wL % range, but the average acryiate content of the blend will fall within the 30-40% range. If the level of acrylic 
or methacrylic acid, when present, is above 5%, the tack of the adhesive composition tends to diminish. If acid 
co-monomer is used, it will generally comprise at least 0.5 wt. % of the copolymer. In the case of copolymers 
containing acid comonomer, the acid group may be partially neutralized with metal ions, e.g., Zn and Na, to 
form ionomer. 

The melt index of the copolymer should be from about &-40 g/10 min. so as to provide cohesive strength 
to the adhesive composition. 

In addition to the ethylene copolymer present in the HMPSA composition, the composition contains an 
effective amount of tackifier to generate pressure sens itive adhesive performance. Examples of tackiflers suit- 
able for use Individually or in combination in compositions of the present invention include: 

a) Wood, gum or tall oil derived rosin acids. They can be hydrogenated disproportionated or mildly 
polymerized. 

b) Esters of the various classes of rosin acids referred to above. Alcohols suitable for preparing these esters 
include mono- and polyethylene glycols, glycerol, pentaerythritoi and related products. 

o) Terpene resins 

d) Dicylcopentadlene-aromatic hydrocarbon resins such as those described in U.S. Pat 3,023,200 cover- 
ing 'Picoovar' resins. 

e) Low molecular weight resins based on styrene and/or substituted styrenes. 

The proportion of tackifier will depend on the Identity of the ethylene copolymer and tackifier, but generally 
an effective amount of tackifier in the composition wfll be in the range of about 25 to 65% by wt, and preferably 
about 40 to 60 % by wt based on the weight of the composition, i.e., the wt of the copolymer, tackifier and 
plasticizer, if present The tackifier is selected so as to be compatible with the copolymer and plasticlzer, if pre- 
sent Some tackrfiers which are liquid (fluid) at ambient temperature also plasticize the copolymer. Preferred 
tackifiers are the rosin esters. 

The adhesive composition can also contain one or more plasticizers, preferably liquid at ambient temperat- 
ures, to modify or adjust pressure sensitive performance by changing properties of the adhesive composition, 
especially flexibility to the level best suited for the use to which the ad hesive will be put Examples of plasticizers 
which can be used in compositions of the present invention include: 

a) Typical phthalates. azelates. adlpates, tricresyl phosphate, and polyesters, such as those used in flexibl- 
llzing polyvinyl chloride. 

b) Low molecular weight resins made from alkylated phenols, phenol, modified Coumarone-indene, ter- 
penes and synthetic terpenes. 

d) Petroleum derived processing oils which are widely used in the compounding and/or extending of rubber 
compositions. They are generally classed as aromatic, naphthenic or aliphatic in character, the classifi- 
cation Just Identifying the major o9 type present They are available over a wide range of viscosities, from 
as low as 60 to over 15000 SUS viscosity at 100°F (37.8°C). The type of oil and its viscosity both have 
some affect on the performance of of the HMPSA In which it is used. Generally speaking, ofls with a viscosity 
of greater than 200 SUS are preferred In the compositions of this invention. Preferred plasticizers are 
naphthenic processing oils. 

The adhesive compositions of the present invention may consist essentially of the ethylene copolymer and 
tackifier without the presence of plasticizer and stDI provide useful pressure sensitive adhesive properties. In 
this embodiment the choice of tackifier provides plasticizing of the adhesive composition. When plasticizer is 
used, however, generally no greater than about 5 to 25% by wt. based on the weight of the composition 
(copolymer, tackifier, and plasticizer) will be necessary. 

The adhesive of the present invention may also contain one or more antioxidants to enhance the stability 
of the adhesive when in the molten state, or during long term storage in bulk form and/or after the adhesive 
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has been applied to the base stock and/or the adhesive coated base stock (paper, fflm or foil) has been put 
into use. Suitable antioxidants include typical hindered phenols available as butylated hydroxytoluene (BHT- 
), 'Ethyl' 330, Geigy Irganox' 1010, as well as phosphites, and butyl zlmate. 

The adhesive compositions of the present invention can be prepared by any of the conventional means 
5 by which two or more ingredients are brought into intimate contact with each other to produce a homogeneous 
blend. For example, the polymer, teckffier, plastlcizer and antioxidant can be brought together In a container 
and subjected to mixing in the molten state at a temperature of about 1 00° to 200° C. until a homogeneous blend 
is obtained. 

The HMPSA of the present invention can be applied to the particular substrate by any of the well known 
10 methods of applying coatings of molten adhesives. For example, the HMPSA coating can be applied by extru- 
sion, a heated doctor blade, or with a rotating roller partially submerged in a tank of the molten adhesive. In 
addition to melt application, these adhesives can also be appl ied to the su bstrate from an organic based solution 
or an aqueous dispersion. The adhesive compositions of the present invention are capable of adhering a wide 
variety of substrates together, such as disclosed hereinbefore, the first substrate achieving adhesion by melt 
15 application of the composition and the second substrate achieving adhesion by pressing against the adhesive 
composition at ambient temperature. 

EXAMPLES 

20 In the following examples which are provided for illustrative purposes only, ail parts and percents are by 
weight and ail temperatures in degrees Celsius unless otherwise noted. 

In the examples, ail adhesive formulations were prepared in a half pint paint can which was placed in an 
aluminum block heated with an electrical heater to a temperature of 200°C. The tackifiers and plasticizers were 
first placed in the can and allowed to come to a temperature of about 180°C at which time the polymers and 
25 the antioxidants were added. These mixtures were stirred with an air driven motor using a three biaded com- 
mercial propeller agitator until the polymer was molten and foDy dissolved. 

The molten hot melt adhesive at about 200°C was applied to either Mylar® PET film or "Kromecoate" paper 
utilizing a laboratory hot melt coater (Model TY 770 from Acu meter Laboratories). 

The adhesives were then subjected to the following tests which provide some measure of the character- 
30 istics desired for a successful HMPSA. Each measures a somewhat different aspect of pressure sensitive adhe- 
sive behavior Polyken Tack; Shear Adhesion Failure Temperature (SAFT); and 180 degree peel adhesion. 

The Polyken Tack test gives a guide to the stickiness and wettability of the adhesive composition. It meas- 
ures ease of removal of a probe after contact with the adhesive under controlled contact conditions. The test 
procedure is given in ASTM D2979-71. Samples were conditioned to 50% R.H. and tested at 25°C. The dwell 
35 time for the probe in contact with the adhesive was 1 second. The travel speed of the probe on removal was 
1.0 cm/sec. The annular ring weight used weights of approximately 20g. corresponding to a 100g/sq.cm. load 
on the probe. For a permanent type HMPSA, a tack of at least 300 g is desirable. Lower values are acceptable 
where a degree of removability Is desired. 

The Shear Adhesion Failure Temperature (SAFT) test provides a guide to the cohesive strength of the 
40 adhesive as temperature is increased. It was conducted in a temperature programmed oven, programmed for 
the temperature to increase at the rate of 10 degrees C per hour. An adhesive strip was attached to a test panel 
mounted vertically so that the contact area on the panel is 1 inch by 1 inch . The strip extended below the bottom 
of the panel and a one pound weight was attached to it with a spring clip. The fail time was indicated when the 
strip on shear parted from the panel, and allowed the we ig ht to fall on a switch which stopped a timer. The tem- 
45 perature of failure was calculated from the elapsed time and the rate of temperature rise. 

The 1 80 degree peel adhesion test is a measure of the strength of the adhesive bond formed. It was deter- 
mined utilizing a TMI Peel Testa- (Model No. 80-14-00). The procedure followed is that of PSTC-1. Peel adhe- 
sion is the average force required to remove a pressure sensitive tape from a panel, the tape being folded back 
on itself at 180 degrees, and pulled at 12 inches per minute. In conducting the test a 10 X 1 inch tape specimen 
5a was adhered to a stainless steel panel using the HMPSA of this Invention. A 4.5 pound roller was passed over 
the specimen once in each direction. One end of the tape was then peeled back over itself at an angle of 1 80 
degrees and placed in a moveable jaw. Thereafter, the tape is pulled at 12 inches per minute and the average 
peel strength obtained Is reported in lbs/in. width of tape. For permanent label adhesives, strength of at least 
3.0 lb/in. are desirable but for removable adhesive tapes, values of about 1.0 lb/in. are satisfactory. 
55 Melt Index (Ml) is determined according to ASTM D1238-577. 

In the examples the following abbreviations are used: 
E=ethylene; nBA-n-butyi acrylate; MAA-methacrylic acid. 
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